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Abatract i 

Tha  Burfaca  EXAFS  and  naar  adqa  atructura  of  alactropolyaarizad 
filna  of  [Ru(v-bpy)  3]^'*'  on  platinun  alactrodas  hava  baan  studiad 
aa  a  function  of  surfaca  covaraga  and  appliad  potantial  by 
naasuring  tha  charactaristic  RuK^  fluorascanca  intanaity. 
Spactra  for  alactrodas  nodifiad  with  1,  5  and  50  monolayars  were 
obtained.  Analysis  and  coaparison  of  EXAFS  and  XANES  features 
for  these  films  with  those  of  bulk  [Ru (bpy)  3  ] showed  similar 
morphological  and  electronic  characteristics  in  agreement  with 
previous  electrochemical  studies  showing  that  solution  redox 
properties  of  monomer  complexes  can  be  transferred  to  electrode 
surfaces  by  electrodeposition  as  polymer  films  of  varying 
thickness.  Electrochemical  oxidation  of  the  films  resulted  in  a 
shift  of  2  eV  in  the  edge  position  towards  higher  energy, 
consistent  with  the  higher  charge  on  the  ruthenium  centers. 
Other  spectral  features,  however,  remained  essentially  unchanged. 
The  applicability  of  these  studies  to  the  in-situ  investigation 
of  electrocatalytic  systems  is  discussed. 


Among  tho  main  goals  of  alactrochamical  rasaarch  ara  tha 
daslgn,  charactarlzatlon  and  undarstanding  of  alactrocatalytic 
systaas,  [1,2]  both  In  solution  and  on  alactroda  surfacas.[3]  Of 
particular  Importanca  ara  tha  natura  and  structura  of  raactlva 
Intarsadlatas  Involvad  In  tha  alactrocatalytic  raactlons. [4]  Tha 
natura  of  an  alactrocatalytic  systam  can  ba  qulta  varlad  and  can 
Includa  activation  of  tha  alactroda  surfaca  by  spacific 
pratraatmants  [5]  to  ganarata  actlva  sltas,  daposltlon  or 
adsorption  of  natal lie  adlayars  [6]  or  transition  natal 
conplaxas.  [7]  In  addition  tha  alactroda  can  act  as  a  sinpla 
alactron  shuttla  to  an  actlva  spaclas  in  solution  such  as  a 
natallo-porphyrin  or  phthalocyanina. 

Ovar  tha  yaars,  nany  systans  hava  baan  invastigatad  and  a 
variaty  of  axparinantal  probas,  both  alactrochanical  and 
spactroscopic,  hava  bean  used  in  thair  study  and 
characterization.  Thus,  alactrochanical  techniques  such  as 
rotatad-ring  disk  electrodes  [8]  and  spectroscopic  techniques 
such  as  Ranan  [9]  (in  its  numerous  variants)  have  provided  nuch 
insight  into  the  nechanisns  of  nany  of  these  processes.  However, 
in-situ  structural  studies  of  such  systems  have,  to  date,  proved 
very  elusive  to  direct  experimental  probing. 

The  application  of  ultra-high  vacuum  surface  spectroscopic 
nethods  coupled  to  electrochenical  technicpies  [10]  have  provided 
valuable  information  on  surface  structure/reactivity 
correlations.  However,  the  fact  that  these  determinations  are 
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p«rfonM<l  •x-situ  rais«  laportant  concarns  ac  to  thair 
applicability  to  alactrocatalytic  systau,  aspacially  whan  vary 
activa  intaraadiatas  ara  involvad. 


An  addad  difficulty  that  arlsaa  in  tha  in-situ  apactroacopic 
atudy  of  alactrocatalytic  ayataaa  in  solution  is  that  tha  activa 
spacias  will  ba  locatad  in  tha  vicinity  of  tha  alactroda  so  that 
tha  Mtarial  in  solution  will  ganarally  raprasant  a  larga 
background  signal  making  tha  dataction  and  idanti float ion  of 
ralatad  spacias  difficult.  Thus,  it  would  ba  idaal  to  ba  abla  to 
proba  only  that  ragion  proximal  to  tha  alactroda  surfaca  and 
furtharmora  to  ba  abla  to  obtain  structural  information  of  tha 
spacias  Involvad. 

A  way  to  circumvant  tha  first  problam  is  to  ansura  that  all 
of  tha  activa  matarial  is  prasant  at  tha  alactroda  surfaca.  That 
is,  amploy  a  chamically  modifiad  alactroda  whara  a  pracursor  to 
tha  activa  alactrocatalyst  is  incorporatad .  Tha  fiald  of 
chamically  modifiad  alactrodas  [3]  is  approaching  a  aora  matura 
stata  and  thara  ara  now  numarous  mathodologias  for  tha 
incorporation  of  matarials  that  exhibit  alactrocatalytic 
activity.  Moraovar,  soma  of  thasa  synthatic  procaduras  allow  for 
tha  pracisa  control  of  tha  covaraga  so  that  alactrodas  modified 
with  a  few  monolayers  of  radox  activa  matarial  can  be 
raproducibly  prepared.  [3] 

The  second  problam  of  concern  is  being  able  to  perform  an 
in-situ  structural  characterization  of  the  radox  active  catalyst 
incorporated  on  tha  alactroda  surfaca.  For  this  application, 
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•urfaca  EXAFS  Is  psrhaps  tha  only  tachniqua  capable  of  yielding 
in-sltu  (that  is  with  tha  electrode  in  contact  with  an 
electrolyte  solution  and  under  potentiostatlc  control)  structural 
infomation  on  electrodeposited  layers. 

We  have  previously  employed  such  a  technique  in  the  study  of 
iodide  adsorption  onto  Pt(lll)  electrodes  [11]  as  well  as  in  the 
in-situ  structural  characterization  of  underpotential ly  deposited 
copper  on  gold (111)  electrodes.  [12] 

We  now  present  an  in-situ  surface  EXAFS  study  of 
electropolymer ized  films  of  [Ru(v-bpy)  3 ] 2'*'  (v-bpy  is  4-vinyl, 
4 'methyl,  2,2'  bipyrldine)  and  on  the  applicability  of  this 
technique  to  follow  the  course  of  redox  transformations. 

This  system  has  been  the  object  of  considerable  study  since 
the  monomer  complex  and  its  analogues  have  been  widely  studied 
[13]  and  electropolymer izaiton  is  readily  accomplished  at  the 
vinyl  substitutent  on  the  bipyridinyl  ligand.  [14]  There  are  two 
aspects  that  we  wish  to  address  and  these  are  the  dependence  of 
the  structure  of  electrodeposited  layers  on  coverage  and  the 
ability  to  follow  redox  transformations.  The  dependence  of 
structure  on  surface  coverage  should  indicate  1)  the  nature  and 
strength  of  interaction  of  the  electrodeposited  film  with  the 
electrode  surface  and  2)  the  applicable  range  of  surface 
coverages  over  which  polymer  local  structure  is  similar  to  that 
of  the  monomeric  parent  complex  in  solution  (and  by  inferrence, 
the  range  over  which  redox  behavior  is  similar) .  In  addition, 
the  abitlity  to  follow  redox  transformations  will  be  of  great 


utility  in  investigating  electrocatalytlc  systems. 

The  information  obtained  from  the  previously  described 
studies  may  thus  be  used  to  establish  guideposts  for  the  rational 
design  and  synthesis  of  electrochemical  interfaces  (in 
particular,  of  polymer  modified  electrodes) ,  with  high  catalytic 
activity. 

Exp^riiafintal ; 

1 .  Reagents 

(Ru(v-bpy) 3 ]2+  was  prepared  as  previously  described.  [14] 
Acetonitrile  (Burdick  and  Jackson  distilled  in  glass)  was  dried 
over  4A  molecular  sieves.  Tetra  n-butyl  ammonium  perchlorate 
(G.F.  Smith)  was  recrystallized  three  times  from  ethyl  acetate 
and  dried  under  vacuum  at  70*  C  for  72  hours. 

2.  Electrochemical  Instrumentation 

A  1  cm  diameter  platinum  disk  brazed  onto  a  brass  holder  was 
used  as  a  working  electrode.  It  was  masked  with  ChemGrip  (a 
teflon  based  epoxy)  except  for  the  upper  face.  Prior  to  use,  it 
was  polished  with  1  micron  diamond  paste  (Buehler)  and  rinsed 
with  water,  acetone  and  methanol.  The  counter  and  reference 
electrodes  were  a  platinum  coil  and  a  silver  wire,  respectively 

Electropolymerizaiton  of  [Ru(v-bpy)  was  carried  out  in 

acetonitrile/0. IM  TBAP  solution  in  a  conventional  three 
compartment  electrochemical  cell  according  to  previously 
described  procedures.  [14] 

The  electrochemical  cell  for  the  EXAFS  experiments  was 
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machined  from  a  teflon  cylinder  (6  cm  diameter  x  6  cm  high)  and 
was  provided  with  contacts  for  all  electrodes  as  well  as  teflon 
fittings  for  the  injection  of  electrolyte.  The  electrode  was 
placed  flat  on  the  top  of  the  cell  and  seated  with  an  0-ring. 
The  cell  cover  consisted  of  a  thin  tefzel  (E.  I.  DuPont  de 
Nemours  Inc.)  film  (12  /im)  held  in  place  with  a  viton  0-ring 
placed  1  cm  below  the  top  and  around  the  circumference  of  the 
cell.  The  surface  of  the  platinum  electrode  was  raised  about  1 
mm  above  the  cell  so  as  to  allow  near  grazing  incidence  of  the  x- 
ray  beam.  The  tefzel  cover  made  effectively  a  thin  layer  cell 
whose  thickness  we  estimate  to  be  of  the  order  of  20  /im.  The 
cell  was  mounted  on  a  plexiglass  box  with  Kapton  windows.  -The 
top  of  the  box  was  provided  with  entrance  and  exit  ports  so  that 
it  could  be  constantly  flushed  with  He.  The  box  assembly  was 
bolted  on  a  Huber  410  goniometer  stage  providing  very  fine  and 
reproducible  rotation  and  translation.  (Typically  4,000 
steps/degree  of  rotation  and  lOO  steps/ /im  translation.) 

3.  X-ray  Instrumentation 

All  experiments  were  performed  at  the  Cornell  High  Energy 
Synchrotron  Source  (CHESS)  operated  at  5.8  GeV (Stations  A-1  and 
C-2).  Monochromatic  radiation  was  obtained  with  a  Si(220)  double 
crystal  monochromator.  50%  detunning  was  typically  employed  in 
order  to  eliminate  higher  harmonics. 

A  Princeton  Gamma  Tech  Si (Li)  solid  state  detector  in 
conjunction  with  an  EG&G  Ortec  Model  673  Spectroscopy  Amplifier 
and  a  Tennelec  Model  450  Single  Channel  analyzer  were  employed  to 


detect  the  characteristic  RuK^,  fluorescence  at  19.3  keV.  Data 
were  analyzed  using  a  modified  version  of  the  EXAFS  analysis 
program  B.M.  Kincaid  (AT&T  Bell  Labs) . 

For  [Ru(bpy) 3]2+,  (employed  as  a  model  compound) 
acetonitrile  solutions  were  evaporated  on  top  of  a  platinum 
electrode  and  the  EXAFS  signal  obtained.  In  this  case,  however, 
the  electrode  was  in  contact  with  a  He  atmosphere  and  not  in 
solution. 

Prggedar^t 

The  platinum  electrode  was  modified  as  described  in  the 
experimental  section.  It  was  rinsed  with  acetone  and  placed  in 
an  acetonitrile/0. IM  TBAP  solution  and  a  cyclic  voltammogram  of 
the  [Ru(v-bpy)  3]2V3+  wave  obtained.  From  the  charge  consumed 
(i.e.  by  integration  of  the  area  under  the  voltammetric  wave)  the 
surface  coverage  (in  equivalent  number  of  monolayers)  was 
determined.  Samples  with  1,  5,  12,  25  and  50  monolayers  were 
prepared . 

The  electrode  was  mounted  on  the  EXAFS  cell  and  all  the  cell 
connections  were  made.  The  spectrum  of  the  reduced  form  (i.e. 
[Ru (v-bpy) 3 ] 2+)  of  the  polymeric  film  was  performed  while  the 
potential  was  held  at  0.0  V.  Afterwards,  the  potential  was 
scanned  to  +1.6  V  and  held  for  5  minutes  (to  ensure  complete 
oxidation  to  (Ru (v-bpy)  3  ]  ^■’■)  prior  to  obtaining  the  spectrum. 
After  spectroscopic  investigations  the  voltammetric  behavior  of 
the  modified  electrode  in  acetonitrile/0 . IM  TBAP  was  performed  to 


confim  that  there  was  no  loss  of  material. 


Figure  1  presents  EXAFS  specta  for  bulk  [Ru(bpy)3]2+  (a)  as 
well  as  for  electrodes  modified  with  1  and  5  monolayers  of  poly- 
[Ru(v-bpy)  The  spectrum  for  bulk  [Ru(bpy)  3]2'*'  shows  a  well 
defined  edge  at  22.18  keV  with  three  well  defined  oscillations 
beyond  the  edge.  Qualitatively  similar  spectra  are  obtained  for 
electrodes  modified  with  1  (Fig.  IB)  and  5  (Fig.  1C)  monolayers 
of  the  polymer.  Again  a  well  defined  edge  is  present  and 
although  the  first  oscillation  is  clearly  defined  in  both  cases, 
the  second  and  third  oscillations  are  difficult  to  discern  in  a 
spectrum  for  the  electrode  modified  with  a  monolayer  of  polymer. 
However,  for  the  electrode  covered  with  5  monolayers,  the  second 
and  third  oscillations  are  well  defined.  The  appearance  of 
oscillations  at  higher  energies  is  more  difficult  to  detect 
because  of  the  rapid  decrease  in  the  backscattering  amplitude  for 
low  Z  scatterers  (nitrogen  in  this  case)  ,  in  addition  to  the 
small  amounts  of  material  present  on  the  modified  electrode.  A 
monolyer  of  complex  on  the  electrode  surface  represents  about 
8x10"^^  moles/ cm^  which  is  about  5%  of  a  metal  monolayer.  Thus, 
even  for  very  low  coverages  of  ruthenium,  clear  signals  can  be 
obtained.  For  samples  containing  25  or  more  monolayers,  the 
spectrum  obtained  was  indistinguishable  from  that  obtained  for 
the  bulk  material. 

Figures  2A  and  B  show  the  phase  uncorrected  radial 


distribution  functions  for  bulk  [Ru(bpy)3]2+  (Figure  2A)  and  an 
electrode  modified  with  50  monolayers  of  poly-[Ru(v-bpy) 3]^+ 
(Figure  2B)  and  both  show  a  very  prominent  peak  at  a  distance  of 
about  1.5  A.  These  peaks  were  fourier  filtered  (in  the  indicated 
regions) and  back  transformed  (into  k  space)  where  they  were 
fitted  for  amplitude  and  phase.  Phase  corrections  were  made 
employing  the  Ru-N  distance  reported  by  Rillema  et  al  [15]  for  an 
x-ray  diffraction  study  of  [Ru(bpy) 3]2+.  Figure  3  shows  the  k 
weighted  experimental  data  and  fit  for  an  electrode  modified  with 
50  monolayers  of  poly-[Ru(v-bpy) 3]2+.  a  very  good  fit  is 
obtained  for  the  first  three  oscillations  although  at  higher  wave 
vector  the  fit  degrades  somewhat  due  to  the  lower  signal  to  npise 
ratio  in  this  region  of  the  spectrum. 

Virtually  identical  results  were  obtained  for  bulk 
[Ru(bpy) 3)2+.  Upon  fitting  the  data  to  theoretical  amplitudes 
and  phase  shifts,  bond  lengths  of  1.9,  2.0,  and  2.1  angstroms  and 
coordination  numbers  of  about  6  were  found  for  1,  5,  and  50 
monolayers  respectively.  There  is  doubtful  statistical 
significance  in  the  trend  observed  in  the  bondlengths.  However, 
it  appears  that  the  similarity  between  the  data  for  the  samples 
is  indicative  of  similar  local  structure  at  all  stages  of  polymer 
deposition.  These  values  correlate  very  well  with  the  known 
coordination  member  of  six  and  a  Ru-N  distance  of  2.056  A.  [15] 

In  addition  to  the  similarities  aforementioned,  it  is  also 
clear  that  there  is  little  difference  between  the 
electrodeposited  polymer  and  monomeric  parent  compound 
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[Ru(bpy)  3]^"^  in  terms  of  the  near  edge  spectral  features  pointing 
to  a  similar  geometric  disposition  of  scatterers. 

The  results  presented  here  seem  to  indicate  that  1)  the 
local  order  about  ruthenium  centers  in  the  polymers  is 
essentially  unchanged  from  that  in  the  monomer  complex  and  2) 
that  the  interaction  with  the  electrode  surface  occurs  without 
appreciable  electronic  and  structural  change.  This  spectroscopic 
information  corroborates  previous  electrochemical  results  which 
showed  that  redox  properties  (e.g.  as  measured  by  formal 
potentials)  of  dissolved  species  could  be  transferred  from 
solution  to  the  electrode  surface  by  electrodepositions  as 
polymer  films  on  the  electrode.  [3]  Furthermore,  it  is  apparent 
that  the  initiation  of  polymerization  at  these  surfaces  (i.e. 
growth  of  up  to  one  monolayer  of  polymer)  involves  no  gross 
structural  change. 

The  results  presented  to  this  point  were  for  films  where  the 
ruthenium  was  present  in  the  2+  oxidation  state.  Identical 
results  were  obtained  for  electrodes  potentiostated  at  0.0  V  or 
at  open  circuit. 

Having  established  that  there  were  no  significant  structural 
perturbations  in  the  coordination  spheres  of  the  ruthenium 
centers  in  the  polymer  films  we  investigated  the  effect  of 
oxidation  of  the  rutheium  to  the  3+  oxidation  state.  This  was 
performed  in  acetonitrile/0.1  M  TBAP  by  holding  the  potential  at 
+1.6  V  for  5  minutes  to  ensure  oxidation  of  the  film.  A  clear 
indication  that  the  film  was  indeed  oxidized  came  from  the  fact 


that  the  color  of  the  polymeric  deposit  changed  from  orange 
(typical  of  [Ru(bpy)  3]^+)  to  green  (typical  of  [Ru(bpy)  3 ] . 
The  spectral  features  obtained  in  this  case  were  essentially 
identical  to  those  obtained  for  the  film  present  in  its  reduced 
form  (i.e.  [Ru(bpy) 3]2+) .  This  is  not  surprising,  since  the 
difference  in  metal/ligand  (Ru/N)  bond  distance  is  estimeted  to 
be  less  than  0.01  A.  Upon  oxidation  from  Ru2+  to  Ru^"*"  there  was, 
however,  a  well  defined  shift  towards  higher  energies  in  the  edge 
position.  This  is  shown  in  Figure  4  which  shows  the  edge  regions 
for  the  films  present  in  the  reduced  form  [Ru(v-bpy) 3]^+  (Figure 
4A)  and  in  the  oxidized  form  [Ru(v-bpy)  3 ]  (Figure  4B)  .  The 
shift,  taken  at  half  the  edge  jump  is  of  the  order  of  2  -  eV, 
consistent  with  the  change  in  oxidation  state  of  the  metal 
centers.  This  was  a  reversible  change  as  re-reduction  of  the 
film  resulted  in  a  shift  of  the  edge  back  to  lower  energies. 

There  are  two  points  from  this  study  that  need  to  be 
emphasized.  First  of  all,  it  is  possible  to  obtain  good  quality 
in-situ  surface  EXAFS  spectra  for  electrodes  modified  with  about 
one  to  five  monolayers  of  a  transition  metal  complex  and  in 
addition  chages  in  oxidation  state  can  also  be  monitored.  There 
were  also  no  significant  changes  in  the  structural  features  of 
the  electropolymerized  film  as  compared  to  bulk  [Ru(bpy)  3]^''’. 
Although  in  this  specific  system  there  were  no  chages  in 
coordination  or  significant  chages  in  metal/ligand  bond  distances 
as  a  function  of  the  oxidation  state  of  the  metal  center,  it  is 
clear  that  such  determinations  can  be  performed. 


We  are  currently  Involved  in  a  study  of  electropolyeerized 
films  of  [Ru(CO) (v-bpy)Cl]  which,  upon  electrochemical  reduction, 
form  a  metal-metal  bonded  dimer.  [16]  In  addition,  the  monomer 
complex  shows  electrocatalytic  activity  towards  the  reduction  of 
CO2  [17]  and  we  are  assessing  the  possibility  of  performing  an 
in-situ  surface  EXAFS  study  of  a  modified  electrode  under 
electrocatalytic  conditions. 

Acknowledgements : 

This  work  was  supported  by  the  Materials  Science  Center  at 
Cornell  University,  the  National  Science  Foundation,  the  Army 
Research  Office,  the  Office  of  Naval  Research  and  Dow  Chemical 
Co.  HOA  acknowledges  support  by  the  Presidential  Young 
Investigator  Award  Program  of  the  National  Science  Foundation  and 


Llt«raturtt  cltad; 

1.  W.  E.  O'grady,  P.  N.  Roas,  P.  G.  Wlull;  ads.  Proc.  Sysp. 
Elactrocat.  Proc.  Vol.  82-2,  Tha  E 1 act rochas leal  Sociaty, 
Inc.  Pannington,  Naw  Jarsay,  1982 

2.  J.  D.  E.  Meintyra,  M.  J.  Waavar,  E.  B.  Yaagar;  ads. 
SysposiuB  of  tha  Chasistry  and  Physics  of  Elactrocatalysis, 
Tha  E 1 act rochas i cal  Sociaty,  Inc.  Pannington,  Maw  Jarsay, 
1983 

3.  R.  W.  Murray  in  Elactroanalytical  Chasistry,  Vol.  13  A.  J. 
Bard,  ad.  Marcel  Dak.ker,  N.Y.  1983,  pp.  191-368 

4.  T.  J.  Meyer,  J.  Elactrochas.  Soc.  131,  (1984),  221C 

5.  a.  G.  W.  Hance,  T.  Kuwana,  Anal.  Chas.  59,  (1987),  131 

b.  M.  Poon,  R.  L.  McCreary,  Anal.  Chan.  58,  (1986),  2745 

c.  J.  Kak,  T.  Kuwana,  J.  As.  Chas.  Soc.  104,  (1982),  5515 

d.  R.  C.  Ergstros,  Anal.  Chas.  54,  (1982),  2310 

e.  G.  E.  Cabaniss,  A.  A.  Diasantis,  W.  R.  Murphy,  R.  W. 

Linton,  T.  J.  Meyer,  J.  As.  Ches.  Soc.  107,  (1985)  1845 

6.  a.  0.  N.  Kolb  in  Advances  in  Electrochemistry  and 

Electrochemical  Engineering,  H.  Gerischer,  C.  Tobias,  eds. 

Pergamon  Press,  N.Y.  1978,  Vol.  11  p.l25 

b.  R.  R.  Adzic  in  Advances  in  Electrochemistry  and 

Electrochemical  Engineering,  H.  Gerischer,  C.  Tobias,  eds. 

Wiley  Interscience,  New  York,  1984,  Vol.  13  p.  159 

7.  a.  J.  P.  Collman,  M.  Marrocco,  P.  Denisevich,  C.  Koval,  F. 

C.  Anson,  J.  Electroanal.  Chem.  101,  (1979)  117 

b.  J.  P.  Collman,  K.  Kis,  J.  Am.  Chem.  Soc.  108,  (1986), 


7847 


c.  C.  N.  Ll«>Mir,  N.  S.  Lmwiu,  J.  Aa.  ChM.  Soc.  106,  (1984), 
5033 

d.  H.  0.  AbruAa,  J.  L.  Malsh,  T.  J.  Mayar,  R.  W.  Murray,  J. 
Aa.  Chaa.  Soc.  102,  (1980),  3272 

a.  H.  D.  AbruAa,  J.  H.  Calvart,  P.  Oaniaavich,  C.  D.  Ellis, 
T.  J.  Mayar,  M.  R.  Murphy,  R.  W.  Murray,  B.  P.  Sullivan,  J. 
L.  Walsh;  in  Chaaically  Modifiad  Elactrodas  in  Catalysis  and 
Elactrocata lysis,  ACS  Symposium  Sarias  Mo.  192,  J.  S. 
Millar,  ad.  ACS  Prass,  Washington,  D.C.,  1982 

8.  A.  J.  Bard,  L.  R.  Faulknar;  Elactrochaaical  Mathods,  John 
Wilay  t  Sons,  Maw  York,  1980 

9.  a.  M.  Flaischmann,  P.  J.  Handra,  A.  J.  McQuillan,  Chan. 

Phys.  Latt.  26,  (1974),  173 

b.  ibid.  J.  Elactroanal.  Cham.  65,  (1975),  933 

c.  D.  J.  Jaannaria,  R.  P.  Van  Duyne;  J.  Elactroanal.  Cham. 

84,  (1977),  1 

10.  a.  A.  T.  Hubbard,  Accts.  Chan.  Ras.  13,(1980),  177 

b.  E.  Yaagar,  J.  Elactroanal.  Cham.  128,  (1981),  1600 

c.  P.  N.  Ross,  Surf.  Sci.  102,  (1981),  463 

d.  K.  Bangs,  D.  E.  Gridar,  T.  E.  Maday,  J.  K.  Sass,  Surf. 

Sci.  136,  (1984)  381 

11.  J.  G.  Gordon,  0.  R.  Melroy,  G.  L.  Borges,  D.  L.  Reisner,  H. 
D.  Abruna,  P.  Chandrasekhar,  M.  J.  Albarelli,  L.  Blum;  J. 
Elactroanal.  Chem.  210,  (1986),  311 
12.  L.  Blun,  H.  D.  Abruna,  J.  H.  White,  M.  J.  Albarelli,  J.  G. 


14 


Gordon,  G.  L.  Borgos,  M.  G.  Sonant,  O.  R.  Malroy,  J.  Chan. 
Phya.  85,(19t6),  6732 

13.  T.  J.  Mayor,  Accts.  Chan.  Ras. 11 , ( 1978) , 94 

14.  a.  H.  0.  Abrurta,  P.  Oanisavich,  N.  UaaAa,  T.  J.  Mayor,  R.  V. 
Murray;  J.  An.  Chan.  Soc.  103,(1981),! 

b.  P.  Danisovich,  H.  D.  AbruAa,  C.  R.  Laidnar,  T.  J.  Mayor, 
R.  W.  Murray;  Inorg.  Chan.  21,(1982),  2153 

c.  P.  K.  Ghosh,  T.  G.  Spiro;  J.  Elactrochas.  Soc.  128, 

(1981),  1281 

15.  D.  P.  Rillasa,  D.  S.  Jonas,  H.  A.  Lavy,  J.  Chan.  Soc.  Chan. 
Connun.  1979,  849 

16.  a.  B.  P.  Sullivan,  C.  M.  Bolingar,  D.  Conrad,  W,  J,  Vininq, 

T.  J.  Mayar,  J.  Chan.  Soc.  Chan.  Connun.  1985,  1414 

b.  A.  I.  Braikss,  H.  0.  Abruha,  J.  Electroanal.  Chan.  201, 

(1986),  347 

c.  J.  Hawackar,  J-K.  Lahn,  R.  Ziassal,  Helv.  Chin.  Acta,  69, 
( 1986) ,  1990 

17.  a.  J.  Hawackar,  J.  M.  Lahn,  R.  Ziassal,  J.  Chan.  Soc.  Chan. 


Connun . 

1983,  536; 

1984,  328;  1985,  56 

b.  T.  R. 

O'Toola, 

L.  D.  Marqarum,  T.  D.  Westmoreland, 

W.  J . 

Vininq, 

R,  W,  Murray,  T.  J.  Mayar,  J.  Cham. 

Soc . 

Cham. 

Connun . 

1985,  1416 

b.  C.  R 

Cabrara, 

H.  D.  Abruha,  J.  Electroanal. 

Cham . 

.  209, 

(  1986)  , 

10 

15 


Pigur*  Lag^nds: 

Figure  1.  EXAFS  spactra  for: 

a.  [Ru(bpy) 

b.  platinua  alactroda  aK>difiad  with  ona  aonolayar  of 
poly-  [Ru  ( v-bpy )  3  ] 

c.  aaaa  aa  b  axcapt  tha  covaraga  waa  5  aonolayara 

Figure  2.  Phaaa  uncorractad  radial  diatribution  functiona  for: 

a.  (Ru(bpy) 

b.  alactroda  aodifiad  with  50  aonolayara  of  poly-[Ru(v- 

bpy) 3]^^ 

Circlaa  indicate  the  fouriar  window  aaployad  in  peak  isolation 
for  fitting  of  phase  and  aaplitude. 

Figure  3.  EXAFS  aa  a  function  of  wave  vector  for  the  fourier 
filtered  peak  for  an  electrode  modified  with  50  monolayers  of 
poly-[Ru(v-bpy)  3 

a.  solid  line:  experimental 

b.  dashed  line:  fit  over  entire  range  of  k  values 

c.  circles:  fit  for  k  values  from  3  to  12 

Figure  4.  Potential  dependence  of  the  edge  region  of  the 
absorption  spectrum  for  an  electrode  modified  with  10  monolayers 
of  poly-[Ru(v-bpy)  3 

a.  solid  line:  0.0  Volts 


b.  dotted  line:  +1.6  Volts 
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